Singer & Hofstee (1948a, b) studied an enzyme from wheat germ, 'wheat-germ lipase', that hydrolysed glyceryl and aliphatic esters. Gowron, Grelecki & Duggan (1953) investigated the hydrolysis of aromatic esters by the same enzyme. Jansen, Nutting & Balls (1948) showed that certain plant enzymes, including that from wheat germ, would hydrolyse glyceryl, aromatic and choline esters. Since acetates were cleaved more rapidly than esters of higher acid homologues, they called these enzymes acetylesterases. Plant acetylesterases were inhibited by organophosphorus compounds (Jansen et al. 1948; Mounter, Tuck, Alexander & Dien, 1957) . It is apparent that this hydrolytic enzyme of wheat germ has several points of similarity to other esterases, cholinesterases and lipases. However, in a number of specificity studies true maximal velocities of enzymic reactions have not been obtained and many experiments with hydrolytic enzymes have been limited by the use ofreadily soluble substrates. The kinetics of certain esterases and lipases in heterogeneous systems have been discussed by Aldridge (1954) . Desnuelle (1961) has studied the properties of highly purified pancreatic lipase and the kinetics of hydrolysis of emulsions of sparingly soluble esters. Additional data for the establishment of distinctions between esterases and lipases are desirable. In the present investigation, the rates of hydrolysis of a number of esters by wheat-germ esterase have been studied.
EXPERIMENTAL
Freeze-dried wheat-germ 'esterase' was obtained from: Mann Research Laboratories, lot no. C 1804 (preparation 1); Nutritional Biochemicals Corp., no lot no. (preparation 2); Worthington Biochemical Corp., lot no. LP 5528 (preparation 3). Rates of hydrolysis of esters were determined manometrically at 380 (Mounter & Whittaker, 1950; Mounter, 1951) . All determinations were accompanied by controls for non-enzymic hydrolysis.
Most of the esters used as substrates were obtained commercially and were of analytical grade. 3,3-Dimethylbutyl acetate was prepared from 3,3-dimethylbutanol given by Dr V. P. Whittaker. When the substrate concentration exceeded the solubility limit of the ester, the material was usually added to the Warburg flask as an emulsion in a 1% solution of gum acacia (1 g./100 ml. of 25 mmNaHCO3). The emulsion was prepared by subjecting the suspension to ultrasonic treatment in a Sonoblast ultrasonic cleanser for 5 min.
RESULTS
Preliminary studies were made of the effect of substrate concentration on the rates of hydrolysis of a soluble and a partially soluble ester, with and without emulsification in gum acacia. Fig. 1 shows that the presence of the gum had no effect on the rate of hydrolysis of triacetin; also the maximal rate of hydrolysis of n-pentyl acetate was only attained at concentrations exceeding the solubility limit. Direct addition of the sparingly soluble esters to the Warburg flasks produced the same rate of hydrolysis as the emulsified substrate but the latter form of addition was preferred because it permitted the handling of small amounts of volatile substances more readily. After the direct addition of an excess of ester to the enzyme, the substrate became emulsified on shaking in the presence of the protein, although some ester separated as an oily layer at the highest concentrations. There was no evidence of any distinct change in solubility in the presence of the protein. In all cases, the initial rate of hydrolysis was directly proportional to the enzyme concentration.
The rates of hydrolysis of a number of esters were determined over a wide range of substrate concentration. The initial velocities at each concentration were determined by plotting the amount of C02 evolved against time and estimating the initial slope of the graphs. This is of importance with low substrate concentrations, where there is an appreciable reduction in the amount of the ester because of hydrolysis. Since partial hydrolysis of the diand tri-glycerides yields a mixed substrate (i.e. a mixture of mono-, di-and tri-esters), initial rates must also be extrapolated. From the data for the initial velocities at each substrate concentration, the maximal rates of hydrolysis (Vm.) and of the Michaelis constant (Kin) were evaluated by the method of Eadie (1952) . The results (Table 1) show that acetates are much more readily hydrolysed than are propionates. Butyrates, with the exception of monobutyrin, were only slightly affected. The observation that acetylcholine is hydrolysed by wheat-germ esterase (Jansen et al. 1948 ) has been confirmed: in addition propionylcholine and acetyl-,B-methylcholine are slowly hydrolysed but butyrylcholine is scarcely affected. In contrast with the hydrolysis of these substrates by the cholinesterases, the high Km for the wheat-germ enzyme ( > 1 M for acetylcholine) is striking: moreover this hydrolysis is not eserine-sensitive at concentrations of the inhibitor up to 1 mm. Wheatgerm esterase hydrolyses aromatic esters rapidly, the rates for phenyl and p-nitrophenyl acetates being greater than that for triacetin. There is an optimum chain length of C4 (n-butyl) for n-alkyl homologues. 3,3-Dimethylbutyl acetate is hydrolysed readily but more slowly than n-pentyl or isopentyl acetate: this contrasts with the very rapid hydrolysis of the carbon analogue of acetylcholine by cholinesterases (Whittaker, 1951) .
Singer & Hofstee (1948b) pointed out that an increase in the length of the carbon chain of the substrate resulted in a decrease in the Michaelis constant, but they gave fewer examples than those in Table 1 . The esters of glycerol differ from those of monohydric alcohols in that there is a direct Butyrate n-Butyl 10* parallel between the velo (Table 1) . No evidence has been workers to indicate that v contained a mixture of hyc present study, the belief t] lyses were being mediated confirmed. This conclusio relative rates of hydrolysis different batches of the constant (Table 2) ; (b) th activities when mixed sul (Table 3) ; (c) the rates c esters are reduced by the so enzyme is treated with no (Table 4) . DISCUS
The results illustrate sor city of wheat-germ esteraE about specificity by mean icities and the affinities rates of reaction of an enzyme with different substrates, the results can be regarded as significant presented by previous only if the rates compared are: (a) maximal for the vheat-germ preparations particular concentration of enzyme adopted as Irolytic enzymes. In the standard; (b) independent of a property of the hat the observed hydro-substrate, e.g. solubility. The rates of hydrolysis of by a single enzyme was a number of esters by wheat-germ preparations *n is based on: (a) the have been determined over a wide range of subof several esters by three strate concentration and the maximal velocities of lipase preparation are the reactions calculated. Probably some of the ere is no sumnmation of quantitative differences in the relative rates of bstrates are hydrolysed hydrolysis of certain esters for which data have been )f hydrolysis of several presented both here and by Singer & Hofstee 3me proportion when the (1948 a, b) are due to differences of presentation. n-competitive inhibitors Qualitatively the conclusions of the latter authors are substantiated, particularly the tendency of Km SION to decrease with increasing chain length of aliphatic esters; this has now been shown to be mainne aspects of the specifi-tained with higher n-alkyl ester homologues. Wheatse. To draw conclusions germ esterase hydrolyses glyceryl, aliphatic, choline s of comparisons of the and aromatic esters: the rates of hydrolysis of the phenyl acetates are particularly high. There is no of hydrolysis of esters evidence that this specificity is due to a mixture of ?e preparations enzymes.
The specificity pattern shows a striking resemsee Experimental section.
blance to that of acetylcholinesterase (Mounter & Rates Whittaker, 1950; Adams, 1949) , even to the observ-. of C02/mg. of enzyme/hr.) ation that isopentyl acetate is hydrolysed more r A readily than the n-pentyl isomer, although 3,3-di- Mounter & Dien (1956); 4, Adams (1949); 5, Singer & Hofstee (1948a, b); 6, Jansen et al. (1948); 7, Aldridge (1953a); 8, Aldridge (1954 of hydrolysis are obtained only at substrate concentrations in excess of the solubility limit. The major differences in specificity are that wheat-germ esterase has a low affinity for choline esters and is not eserine-sensitive. It hydrolyses butyrates more rapidly than acetylcholinesterase and is inhibited more readily by dialkyl phosphate esters possessing small alkyl groups than by those having larger alkyl groups (Mounter et al. 1957) . There is good evidence that the close similarities in specificity patterns are not determined primarily by purely physicochemical properties of the substrates since widely different specificity patterns are not shown by other esterases acting on the same substrates (Sturge & Whittaker, 1950; Whittaker, 1951) . The experimental results emphasize the inadequate basis for a general distinction between esterases and lipases. Aldridge (1954) pointed out that the causes of the confusion are: (a) the use of different series of substrates by different investigators in the specificity studies; (b) wide variations in experimental conditions; (c) much of the earlier work was carried out with enzyme preparations that have been show-n subsequently to be nonhomogeneous. By careful use of organophosphorus inhibitors, Aldridge (1953a, b) distinguished two types of esterases: the A esterases, which are not inhibited by organophosphorus compounds but will hydrolyse some of these phosphate esters; the B esterases, which are susceptible to inhibition by organophosphorus compounds. It appears that certain of the enzymes known as lipases would fall into these esterase classifications.
It has frequently been observed that maximal rates of enzymic hydrolysis of sparingly soluble substrates are not achieved by using saturated solutions of the ester but that amounts in excess of that which can be accommodated in true solution are essential (Aldridge, 1953a, b; Murray, 1929; Jansen, Jang & MacDonnel, 1947; Desnuelle, 1953) . In some instances, the rate of hydrolysis of sparingly soluble esters can be increased by prior emulsification (Sch0nheyder & Volqvartz, 1945; Aldridge, 1954) . With other enzymes, no differences in the velocity of the reaction can be observed whether the substrate be added directly to the assay system or as an emulsion (Aldridge, 1954) . As a result of a suggestion of Desnuelle (1953) , Aldridge proposes that the term lipase be reserved for those enzymes that hydrolyse sparingly soluble esters at maximal velocities when these substrates are present as a separate phase, and the term esterase be reserved for those enzymes that show maximal rates of hydrolysis in homogeneous systems. Bier (1955) states that the two groups of enzymes can be differentiated by the relative solubilities of the substrates; the natural substrates for lipases would be triglycerides of long-chain fatty acids, whereas esterases act on simple soluble esters of low molecular weight. This latter definition, although probably still the most satisfactory, requires an arbitrary limitation of chain length: moreover, it does not take into account the phenomenon of rapid hydrolysis of aromatic esters, nor the hydrolytic effects on monoglycerides and soluble synthetic esters (e.g. the Tween compounds). The effect of substrate emulsification might provide a distinction between the two groups of enzymes. Sch0n-heyder & Volqvartz (1945) showed that the rate of hydrolysis of tricaproin by pig pancreatic lipase could be correlated with the total suface area of the emulsified substrate. Sarda & Desnuelle (1958) have extended these studies of pancreatic lipase and demonstrated that enzymic activity takes Vol. 85 579 place at interfaces, but not in homogeneous solutions: this contrasts with the present study, where reaction appears to take place in either homogeneous or heterogeneous systems. With kidney dialkyl fluorophosphatase there is no increase in the rate of hydrolysis of sparingly soluble substrates when the solubility limit is reached (Mounter & Dien, 1956 ). It would appear from the data of Table 5 that there are a number of bases on which classification could be made but no single property permits a general distinction between esterases and lipases. It seems that by any criterion the wheat-germ enzyme should be considered an esterase rather than a lipase. SUMMARY 1. The specificity of wheat-germ esterase was studied in homogeneous and in heterogeneous systems.
2. The enzyme will hydrolyse glyceryl, n-alkyl, aromatic and choline esters.
3. Wheat-germ esterase is inhibited by organophosphorus compounds.
4. Maximal rates of hydrolysis of sparingly soluble esters are frequently only attained at substrate concentrations in excess of the solubility limit of the substrate.
5. The specificity and kinetics of esterases, ineluding cholinesterase and lipase, are discussed.
